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(54) [^m<D^m mmmms.m^mm. iia.'pf&yt¥onms.m&mmi3J::z^^i^mnmmyjm 



1 

(57) mmm^<Dmm] 

mw^^t. 10 



2 



3 

0 , gff b5^>;^j < j: 2 ocDlBl»iaMg)ftti.:^tj:-fe^a Af^ 

[«*«6] ±#:JcS;^j:^2o®iKficD^*SgMb. 
20X7^-;/:/^:. 

tffieiB 2 ©XT--;/ yT*iie)/t«#tca-:Jt^Tl!MA£® 

^'p< ii^2-D<Dmm\z-D\i^-c^n^ni^iibi>f^i<D7. 



(2) #fF3 2 7 0 9 1 7 

4 

XT--y^fc. 

mrf5m3g)XT-y7'T:^ie>feJtl%M^gica-:3'V^TJiL^ 

10 ra^Jg 8 ] mtm. 2 OX-r- -y y^j;. ^>/j < j: 2 -j 
g)|gl»igi^g>3^.'iST-3&oT. it}fB^>/cS:< 2-Jg)|gl!li 

0 . < 2 •::3g>El<iiaiiag)tia:^«fe^ft 

^(Dn'vV^tm-^^mht.U^f:.i:L^\Z^o:)^>h^^ 

[0 0 0 1] 

m^m<o^m \zm e n^SE«fi§fnSiii5£^K^^AL±i& 

[0 0 0 2] 

i: bT/-?;i/X :t -> ^ -5^ ^ C g)/'^;l/X -> 

[0 0 0 3] /i;ux^=^^->^-^'g>iia«, ttiacwiKfi 

30 m.p^cDmmst(r)m^j]^r£m^co^it\zj:.^h(D-x:^z> t 

(D^oizM'p^tft^^m.cDms.tt^M&^izi-imm.com 

[0 0 0 4] ^JA«Jfil4'fe^igS2:/t;i'X:t+->/-:$' 

40 <DmmTmmmmmmmr^iz\-i.. /vvT.^^zy^—s' 

t)-&T Jftlft'feS^JSft g)ffi SrftS . 
[0 0 0 5] SftifibfcJ;5{C. n)V7.:i-^iy^-i><J>W. 

m\m.m.(Dmmm\zm-^^^xisL^Wi^mm.(Dms.^tm 

50 )Kg>Sti*^/hT*-2)«-&{C«. fllR)K©lili«75^e.t#;tlla 



5 

[0 0 0 6] ^n^m^-r^^mthrmm.com^fzii- 

^ (^g^BS 63-165757 -^#88) . 
[0 0 0 7] 

[^^Wd^^ftbct^t-r^Slffi] Umo/VUT.yir^i^:^ 

5' ® Ma (C 43 S «::»c{ii <h Tib o 

[0 0 0 8] i^JlaU'^;US::^i>6-5^i-&. 

[0 0 0 9] *5EBJtt::©J;-5:^jfie5!5ggco^.^ic«.;?f 

[0 0 10] 

[0 0 11] mi^m2(D^m(omm\t, ±mzmf£^2 



(3) I^Sf 3 2 7 0 9 1 7 

6 

^#3K»Sfh#¥ © <t AOI-r -S^fiK i ^ T -5 . 

[0012] 3 oaaa®MMtt^^<*f-a!^* 2 
^(Dn^\zi=n^m\z&'^\^^x^n^ti<D-x^-$^m. 

iS^tf^^SiO^'*i*;5:'>< tfe 2-:z>Olfil!l§il«OMfi± 

fi^i^^tzm.!isLU^)Vt.mU^^^^(D2-Do:>^titi^ih'^ 

20 [0 0 1 3] »*^4®MBa®MMiii_ffi*a3®Mll 
•pg>lel!l§ig|^gi2:c.,'j^Tr$.oT. mif5^>/^< .hfe 2-3^)111 
tj> HUBE^>fj< 2^cDlB]^ia^coft!i:^tj:-gL^aAft 
.■;S.cr) /\- ^ y ^TS^m^^B 1^ <h -p # tc ^ g) cH.j^.-j^ ^ 

[0 0 14] mmm5(D^m(o±i$im^mmyjmii, ^ 

30 cine, 

mmm(Dm^i^tt>^m2cr>7.y^y-fii. 6512^2 cox 
5^ y -fx^tbtzm^ \z^':ii^x mimsk<p(Dm mmiam.^ 

[0 0 15] mji^m6CD^m(D±i^mnmmy3m\t.. ± 

40 ^^ti'en<oyt'S:mm.mn<D^i^m^iz^^L. cine. 

(D±^m^^mm•r^^^m^mm:^mx'$>■^x. sfris 

2 C)®^#:ffi^CD«|&©a#,HSlC*3tt^ffl[{CS-:^UiT^n 
-enO:*:#$S:iB«Wl, eiW<»:-r-5J^lg±®lHlJ»«ilS$* 
ii6S^10;^5"-;/7't. «fFffimi<^X7--y7'T*4e)felHl 

mm.m<Dm^^i^sf>^m2a:)7.y^y-:ft. mtim2(D7, 

[0 0 16] mimi <r>m^(D^v$.m^%Mr)^m.\t.. ± 
mz&t£^2'Do:)m.&(D^.^mmi., mw.^Mi^m^i. 
50 fz^n^n(Dy(:^m.m.m^<D^t^m^i,z^i^i.. cn^ 



(4) 
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-y zfx^^fzmik Jit mm 2 -zxp^n^m^-^^^^^ 

[0 0 17] mjkms<Dmm<D±^mm&m-yjm}tt. m 

-^ommmm(D-yj\t^m^xm(Dmm\z:^i^i^^\B\mm 
m^x^D. mni^pr^<t^2'0(Dmmm,^(Dm:^\t^m 
^xm(Dmm\z:$5n^\mmmmx^^^A^m:!^^^. - 

[0 0 18] 20 

[f^ffl] m^mi(D^m\zi5\^^x. mmmmmf)m^^ 

-^x$>^m'^. i:$^commmi^'f)^^^in^o z.(Dm. 
m<Dm^\tiEm\z 2 ^coisst^sji^coMTtsoit^ab 

[0 0 19] «*3S2cD%0^{r:feViT. jfii4'®:5t^KJS* 

A = Ab+Aa= 1 n I - 1 n I in 

= {Eh{Eh + F)}*/2-Hb-DH-Aa (1) 

I immyt^m ^Hb : sf!i^(D^^^a\d>mm 

I i n : AM3t9tS D : ikm(Dm^ 

Eh : ^^^nt:>c7)P^^^|S 30 [0 0 2 5] lkm.(OmW}\Z^D to:>m^:^^D + AD 

F : lfil?ScD7tm«^ ^ ^fzt^ (1) ^\'X'A(DJzolZf^^o 

A+AAb=lnI-AlnI-lnI in= {Eh (Eh + F) } • 

Hb • (D+ AD) +Aa (2) 
(2) it- (1) it 

AAb = -AlnI= {Eh (EhH-F) } -Hb-AD (3) 

iSSA, , A2 ^n^n\z^\^^x (3) ^Cfl^<^)ct'5^c:* ★;a:^o 

AAb,=-AlnI. = {Ehi (Ehi+F)}»^^-Hb 



-So c:<^«i^co«^«IE»(c2t:)OiKS<^Sil3t02a7t 

m,(Dit^hi jp-tcox^mf^ Wim^^cD ik^^^^nm 
&m%^ri^yii)^K^xu<. Mmw,w^^^^^tz,^<Dm 

oLED.^fl-iEis&t>fi>?a:<-rsc:^A^T#, mmmf} 

[0 0 2 0] m^'m3(D%m\z^^^x. mM±^^^^ 

[0 0 2 1] m^m4(Dmmz^\.^x. mmuuti^^ 

mmp^tfs,'Drc^^\z^<D^*L\^^msfsiu^)]^ti.xWi 
m-r^c^xm^niy^ji^^^^^^xo^mm^mm-r^z. 

t-^^x^^o 

[0 0 2 2] mmmBjb^s<DmM(Di¥m\t. ^n^^n 

[0 0 2 3] 

(D^mm^tmmmmmm^mmx&^o mrz.(DmmM 

[0 0 2 4] iy^X^ — (DmWB^<^ZSm^-^^^ftA^(Om 

mytm.^Aat'r^t'A^x$>^t:>^n^o 



AAbz =-Alnl2 = {Eh2 (Ehz +F) } - Hb 



1, 2ts^n-^'niSfiA. 



A 2 \zmT^h(DX$> [0 0 2 6] 



AD 
(4) 
AD 
(5) 

(4) (5) !a=<D,2<i:*5<<!: 



Z:CX\ Eh, . Eh: 



s :m 

E o , 



^,2= A Ab , /A Abz = A 1 n I 1 /A 1 n I 2 
= {Eh, (Eh, +F) 1 / {Eh2 (Eh: 

\t:^'A(D<^oiiZ$>^t:>'^n^o 
Eh, =SEo, + (1-S) E r, 
Eh2=SEo2+(l-S)Er2 



+ F) ) ^-^2 
(6) 

(7) 
(8) 



E 05 



A 2 (D^o:>m<t^'^ifu\d 50 



E r , , E r 2 



^:gA, 



(5) 
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[0027] (6) -(8) jC(3*31:^T. F. Eo» , 
E 02 , E r , , E r 2 tlH^OTa^^T^^ A 1 n I 1 , 

A 1 n 1 2 ^m'&\^x<^^i^^^u^vmmziiy) 

[0 0 2 8] tz.^^. mmz 1 n 1 2 . mmz l n I 

r ^t-Dr^mm\zm&mmmzm^i.fc \nu , in 

;&^e»«/h2^ffi{cJ:0lHl!liB«la$*ie>^o K«i§fag 

COMffilSiClffi^-r^o ^ICDfiSScTXli^^O^'A 1 n I 
A 1 n I 2 T'fe^7:i^&i:oM^^**^75:e»ti (6) 
(8) S:<tom^fi§fil«S***^C^::i&^T'^^o 
[0 0 2 9] ^{C^lCOj^Sfcao'V^Tf^^Lfc^B^Ift 

LED2ti«SSA2 0^*5E^-r^^?T'*^o H^-f 
A[HlgS3tiCin^)LED 1 , LED 2 ^sift-r -5 ms&T 
^-5o :7:<r h5^-r::t- F4tlLED 1 , LED27!)^^^ 

nttii[His^7T^ais$n^o 5^<^>i^^^[HiiK9friK 

LEDl, LED2€:m^C7)5'-r a>^7r%3t^-&> 

1 o««isiHiK7 7&^e-^^e>n^«-m^^5='-r 

tC^g^bTCPU 1 1 {C-^;^^o CPUllti. ZL(D-^ 
^^tifcm^t. ROMl 2{C*&^rt$nycyD^*^A^*30 
032=A 1 n I 3 / A i n I4 
= { (Eha H-Ed3 Cd/Hb) 
/ { (Eh^ +Ed4 Cd/Hb) 



m^mmi 4^mmm (h^i^-T) \z\if,tir^^<Dxh 

[0 0 3 0] ^(c. :i<Dya—^^—h\zm^\^^X^m 

mmmm(Dmi^^mmr^o cpui nsA/Dz3>A* 

11 , I2 \z!t-vfzm^^i^^mmi.xz.ti^^tmT 

&s±(Dm}SL (e-^. 4^ hA^^tr) (Z) 1 n I , , In 

1 2 ^2Jl^±(OMiKtc'r>ViTf3g^o :;*:(ccpui 1 ^i:: 

n^CDy'-^lzm-^^^Xmrn l n I 2 , Wtm 1 n I , 

T^mm^izx'T^y'fi 0 ixmmi^rc'r-i^^$>^tD 
2) o ^(ccpui iti^cD[Hi!iiitt^<7:>M^^:Jcde) (x 

5^:7^10 3) > ^(Dm^i^^^y (6) - (8) ^\Z&'J 

<mzJ:OS^mW'r^ (T.^ryyi 0 4) o ZL(D^^ 

-So 

[0 0 3 1] :^mmmx\t2£JL±(Dmmzt>r:i-DX 1 n 

I , , 1 n 1 2 (DB'^m^L. :in^m^^rc,(DXAEmt^ 

[0 0 3 2] :k\z:$im<DmMm 2 (D^m(Dmmm^mm 
z.(Dmm&msk^p&^mmmmmmmmx$>^o 

[0 0 3 3] ^^^ah:>(Di&iz^Ayt^n^^5km^lzi^ 



zn\^Ah= { (Eh+EdCd/Hb) (Eh + Ed 
Cd/Hb + F) } • Hb • Di:bT (1) iCt^^^ 

(6) ^^m^^rz^mtm\:y5mz^r)-!^it):^;zt^ix- 

Eh, Hb, F, DtiSijaibfcfe<^<i:|W|i;Trfe ^ 

Ehs =SEo3 + (1 -S) E Fa 
Eh4 =SEo4 + (1 -S) E 



(Eh3 +Ed3 Cd/Hb + F) ) 
(Eh4 +Ed4 Cd/Hb + F) ) 

(9) 

;^^3, 4 ti^n-ens^g A 3 , A. 

XS>^ZLt^^To C:c:{Ct5V:*TEh3 , 



}.zmT^^<D 

Eh4 ^i^^it 



(1 0) 
(1 1) 



Eo, E r\tmmLrc^o\z^n'enmit^'e^u\f> 

[0 0 3 4] :i;iTiSSA4 ^K^^StcoK^^facE d* 
^>34=Alnl3/Alnl4 
= { (Eh3 +Ed3 Cd/Hb) 
/ {Eh4 (Ed4 +F) } 

[0 0 3 5] zzxmmf&^ms^^u^=Ei/a\:^>m 
mHh:fy^'f^i^m&^nxi^^itmys.^^t (i 2) 

V:^TCd^^<€-S^fSK»ITfe^7&^bA 1 n I 3 . A 
1 n I 4 ^aS^b034^*ae)^?ci:^friCd^^e6^Cl^ 



(Ehs +Ed3 Cd/Hb + F) } 

(1 2) 

[0 0 3 6] tZ^xmWZ 1 n I 4 . mmz 1 n I3 

^^ofc^11{C^^0#P0lS{C2|i|^LAc 1 n I4 . 1 n 1 
50 3 '^J^X$>^t)Ttm4(D<i:o\Zt^^o Z,n^(Di^:^^^ 



(6) 
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12 



c d f)^—^f3i e» \tmm \zj:K)n^n^}^\tz, <Dm± ^ i 

/A 1 n I4 -efe'575^e»eiO<®^$:*ift'&fcJ:e>« (1 
[0 0 3 7] ;>cJcc:oDiKSf::S"::^o^Tf^fiJbfcgfi<£:tfi 

T3&^o ^7^> ROM3 otctigietc^f :7P— 

Ab= { (Eh + EdCd/Hb) 
Hb • D 

fe^ti ICG (indocyanine-green) 
[0 041] As = 805 nm: Cl(^^SSf;:^ViT^i, 



* [0 0 3 8] 'A\z. m6\zm-rya—^^—h\z&':^i^ 

xy^mmmmmcomi^^m.m'r^o x7-yzf2 o 1-2 

0 s^tmsx-^vfzT.'ry'fi 0 1-10 3 tmi^xh 

2 0 3T^*fcl«^:f5^e> (12) ^Sffllr^fc^tCct IP C 

dSrtf^t*^ (x-r^>y2 0 4) o :i(Dmmim^^i 

[0 0 3 9] ;ifcJC*^<^if*^3 43ckLK«*«4 0|i?g 

(Dmmt^nz-Di^^rmm-r^o z.(Dmmm\t&m^^m^ 
[0 0 4 0] mx'^nrc'&m^^ts!fKm(Dm.i^^<Dm^ 

(Eh + EdCd/Hb + F) } • 

(1 3) 

A 6 = 8 9 0 nm : Z.(Dl^&\Z:^l^^X\t. I CG<^)®:7t 

-\^^a\£>^^mmtmmf^mmzj:io 

"nBS-^TS-So SfoT (1 3) S:tii!SfiAs, Ae 



Abs = { (Eo« 
) ) • Hb • D 

Abe = (E Og 



+ Ed5 Cd/Hb) (EOs +Ed. 



(Eoe +F) } 



Hb • D 



Cd/Hb+F 
(1 4) 
(1 5) 



Eos , Eoe \t^n^nf^-^\s 

De>co®:3t#^T^^o Abs . 

V = Ab 

- = { (Eo 



. A 6 (DMit^^^^ 
Abe ^iPJlSLT^ 

/Abe 

+ Eds Cd/Hb) 



/ {EOe (EOe +F) } 

[0 0 4 2] ^=E^a\i>m&Hh\:i^!^m\Z'D\,^Tm: 
ffidT^p (16) a:fc43l/^T*ftl^tiCdfcnt-e*^o 
:icDiS:7!i^SC dti2:;*:::5@S:offiibTftff^n^o M 30 
TtSAbs , Abe ^^tb^lz\t. mf^^\zstmt^^^^ 
Abs = 1 n I 05— 1 n I s 
A b 6 = 1 n I 06— 1 n I 6 

[0 0 4 3] Mm^m^^m-^cDrnmrnmyt^m i n 
1 05. 1 n I oB^^^t^^zLT^^-t^^^^'A^zmm^ 

<Dm<Dmw}iz^^^(Dx&^. mmiktmWiJht 

AAbs /AAbe =Ab5 /Ab 

«eoT (1 6) i!:\tt:k<Dj:o\z$>i^t>'riit^^x^^o 40 

^= A Abs /A Abe 
= A 1 n I 5 /A 1 n I 6 
= { (Eos H-Eds Cd/Hb) 
/ {Eoe (Eoe +F) } 
[0 0 4 4] ZZXmf^^ 1 n I s , I^W^ 1 n I e 
-r^J^SiJCJia^UJ^c 1 n I 5 , 1 n I 6 ^j^tLxm 

< u ^it^^mmm c d ^^mt \.u^^t^ 
mz^^isLmcDm^o^mtcDmrno^^^zj^omitT^o:) 

x'tn^omtmmmzMim-^n^o ^(Dmmmf^^^^ 

ib. C(Dm^^M&Tnif:i^JkU^)\^.^ ( 1 n I os, 1 



(E05 H-Eds Cd/Hb + F) } '-^^ 

(1 6) 



(1 7) 

(1 8) 

^.^^^mL<. ^^^itiL^&mms.^^mv\^^m'^iz\t}km 

(1 9) 



(Eos +Ed5 Cd/Hb + F) } ^'^^ 

(2 0) 

mmm(D^u^2^<DmmTr , T:, ^n^enizi^i^x 
m^(Dm}^.<Dmm& i n 1 5 , i nie m^^n^u^ 

• frfjfiJla!/-^;k'i5S:®ig*r^tt«S7&^2:*:#?»n^o 

El 8 tC^T J: ^ ;rn e> (7)Il^€:®ST^ d <h cfc 0 
50 &^U^)\/j^f}m^n. J^jfilU-^;i/ l n I 05. 1 n I oe 



(7) 

13 

^^d^^C:<h}0^*T#^o dCDjffijfiiU^;!/! n I OS. In 

I oei^^^&?>n^ts,iE>^i (1 6) - (1 8) ^^om^ 
[0 0 4 5] ti,:^. mz,\i^m&xm\t. ^^\z&\^m 

[0 0 4 6] 'A\zz(D^vf^mm\z&'::s\^^xi^fSi'^nrc 

[0 0 4 7] m9\t±^m^^^'tZfu^yi7mX$>^o 

mi tmcmmizim-mn^iii.xmmjftmm'r^o 
miiz^'rmmtmu^(D\^'LED4 0'^m^?is o^yt 

^m±T^J^. LED 5 O/^^'i^gAe (D^^^^T^ 

ROM6 o\z^m'^tirz:/u^^A'^mi o^z^-i: 
J:oU^cDX&^}^X$>^o Mice PU 7 0 

rnxLtc zLt^m e»-&^x-r y^^so :fymm.'^nx\^^^ 

}^X$>^o 20 

[0 0 4 8] z.<Dmm(Dmi^^mi o^mmi^xmm-r 
1 5 , 1 6 cox-^^flxi^i^, -ene>co*f^<^^i6 

m^&X\^X7.^ y'^S 0^:t>\Z^^^xm:<o CP 

u 7 0 y^s 0'^^:t>iz^nrzzL^^mw\t^^ 
j^^^ms^z^TmKD^mm^c (^m&xm) 

— ^ 1 O/^^b-^^^n^ I 5 , I s (Dy^-l^.^Wimmm 30 

^^^3 0 5) o CPU7 0tic:cD5S.^.;<?^*m«^l^±^:;'cJ: 
0:/)^^Z.n^^j^.(D/'<yy^7^m^<Di^^^(Dl^m{N^Z 
$>^f}^^t'^^pmiy (7.'TyZf3 0 7) . NOTSntf 
7.Ty':f3 0 4\zmD. YE ST*n^^X-r-^y:?'3 0 8 
fCittTo CPU7 OtlXT-^y^S 0 8(C*DViT±lEm^ 
C0;^#$c^«gffl CO 4^/6.^^* 56-1) (X5^^;/7'3 0 8) o 
CO.^^^J^jfilU^Jk^ ( 1 n I OS. 1 n I os) X&^o 40 
:;i^icCPUi 1 tiX7=-^yy3 0 4{ci3ViTS^i^^^fc'r^ 
XC0x~5'<^. i^ifill/^;!/ 1 n I 03, lnIo4^. (1 

6) - (1 8) js:j:D0i i\z^'rj:ot^^m^m&m 
[0 0 4 9] zL<Dmmm\z^niti')y)i^i^-{isX^iku 
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u^ju^js^^miz^m^^^m^^^fzyb^. i^cD^m 

m}tzmmjs^&r:im^u^)i^m^xuYJUis^-fAx^m 

m^^^^^xmitu^ji^wm\^rc-A^> mTiz^htz^jz 
^\z^mmmt^^»^&{.rz2'D(Dmm^z:ioi^x^n^ 

[0 0 5 0] 

4(DmM\zj:n\m&mm'^^M<. ^mmmtKDwm^ 

^m\zj^nuM\^^mmx &m5k^<D mm^%Q^^m^'r 
^c<h;o^T#^o m^m6--8<D^m\zj:nu^\^msi 
x\ i)^^&mmmtix mmit^<Di siL^^ytmmmm^m 

mT^zit^^x^^o 

mi] m^mi(DmM<D^mm<D^i^mfi5i^^'r:fa 

[El 2] m^mi o:>mM<D^mm<Dmi^^mm-r^rci^ 

m3] mmmi (DrnMcommmo^mi^^wtm-r^fzisb 

[El 4] m^m2 (DmMo)mmm<DmiiF^mmr^rci^ 
(Dm. 

[S15] m^m2(Dmmo:>mmwi(D±i$^mf$.^^rmo 
me] m^m2(DmM(Dm:mm<DW}iiF^wtmr^rzii^ 

(DMo 

(1171 m^m3:i^^zfm^i^4<D^BM(Dmmmo)mi^ 

ms] m:^^m3^j:mn^m4<DmM0)mmm(Dm^ 

m9] m^m3:tdj:mn^m4(DmM<Dmmm(D±» 
mfS.'^Ts^Ty^ay^mo 

mi 0] m^^3^<kmmm4(D^m(Dm:mm<Dm 
mi 1] m^m3i6^um^m4<DmM(Dmmm\z^ 
m^(DW^BM] 

I, 2,1 0,2 0,4 0,5 0 LED 

4 y^^h^-i^-v^ 

II. 70 CPU 



(8) 



mWf 3 2 7 0 9 1 



mi] 



m2] 



ILED 
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-< — 








I 



CEEO 



^2 LEO 
.5 



-101 



Q3*ie.St4 - )02 



J03 



104 



A/D 



)0 







ROM 


CPU 








RAM 











J2 



J3 



[E14] 
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